Abstract. Dewatered sludge is one of the largest contributors of waste materials in Malaysia and it indirectly elevates local environmental problems. The use of this waste material as an alternative fuel can be an effective solution as it not only contributes as an energy source but also solves environmental issues related to sludge disposal. In this study Advanced System for Process Engineering (ASPEN) was employed to simulate the combustion reactions of dewatered sludge based on the minimization of total Gibbs energy of the system. Analysis of combustion products was carried out and compared with previous works. The simulation results showed good agreement with the results obtained by other authors. The results showed that NOx and SO 2 emission for poultry sludge is lower than that of coal and sewage sludge. Sensitivity analysis to study the effect of changing reactor temperature and excess air on the products concentration suggested that the operational parameters would be highly influential on the combustion products.
Introduction
In this study two types of sludge were considered: domestic sewage sludge and poultry sludge. Poultry sludge is one of the waste products generated daily from the poultry-processing industry. The slaughtering of chicken and the subsequent processes in the poultry plant generate substantial amount of wastes such as feather, bone meal, blood and offal [1] . They enter into a waste water treatment process within the processing plant and leave with a sludge like consistency known as poultry processing dewatered sludge (PPDS). Domestic sewage sludge is the main by-product of the waste water treatment process, during which liquids and solids are separated. Liquids are being discharged to aqueous environment while solids are removed for further treatment and disposal [2] - [4] . It is practical to recover energy from this waste through a variety of thermal conversion technologies such as pyrolysis gasification and combustion. However studies on thermochemical conversion of poultry sludge is extremely scarce; while no studies have been documented on experimental and modeling of poultry sludge combustion. Marculescu et al. [4] studied the main characteristics and pyrolysis of poultry processing industry waste to produce gas, liquid and solid fuel and the energy required for the drying and devolatilization stages were calculated to estimate the energy consumption for pyrolysis process. Dudyn´ ski et al. [5] reported the gasification of poultry waste produced by industrial slaughterhouses typically contains not only feathers, but also a mixture of animal entrails, nails, blood, beaks and whole carcasses in a simple, fixed-bed gasifier. The objective of this study was to develop an equilibrium model for poultry sludge combustion using ASPEN PLUS simulator and compare the results with those results obtained from sewage sludge and coal. In addition to study the effect of various operation conditions on the combustion process.
Model description:
Fig .1 shows the flow diagram of the combustion process of the dewatered sludge. The stream 'SLUDGE' was specified as a nonconventional stream, which was used for heterogeneous solids that had no defined molecular weight [6] . And the ultimate and proximate analyses were used as input for the simulation as well as the thermodynamic conditions and mass flow rate. Before feeding the dried sludge to the RGIBBS block, the sludge was decomposed into its constituent elements according to its ultimate analysis. This was done in the RYIELD block, DECOMP. Here internal FORTRAN subroutine was introduced to calculate the yield of basic components (H 2 O, C, H 2 , N 2 , S and O 2 ) from ultimate analysis. Then the sludge constituent stream and air stream enter the RGIBBS reactor where the reaction took place and after an equilibrium reaction leaves as combustion products. The product stream is fed to a separator, which provides perfect separation between the gaseous products of combustion and the solid products of combustion. The bottom outlet stream from 'CYCLONE' with the stream name 'SOLIDS' is composed of solid carbon and fly ash. And the top outlet stream, which is called 'GASES', is composed of all the gases from reactor which represent the final output from the combustor. The properties of sewage sludge, poultry sludge and coal used in this study are shown in Table 1 . 
Results and discussion
Simulation results. The fuels included in the simulator were coal, sewage sludge and poultry sludge. 67 kg/hr of fuel was used for each run to compare the results obtained by this model with the results of coal with the same properties developed by Gharebaagh et al. using stiochometric model [7] . The results of the simulation are shown in Table 2 . Table 2 shows the emissions gas from the coal, sewage sludge and poultry sludge combustion. The results show that the amount of SO 2 emission of poultry sludge is lower than those in coal and sewage sludge and this due to low sulfur content in poultry sludge. Despite the higher amount of nitrogen in poultry sludge than that in coal, the NO x emission from the poultry sludge was less than that from coal. This indicates that the emission of NO x is not strongly dependent on the nitrogen content in the fuel [8] .
The simulation results showed good agreement with the coal emissions results of other author [7] . However, validation of the simulation results with experimental data would be required and will be done in the future.
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Sensitivity analysis. A sensitivity analysis was done using ASPEN PLUS simulator by varying the value of the operation parameters, air flow rate and temperature to study their effect on the emission. Emission of NO X and CO. Fig. 2 shows the effect of temperature on the emission of NO x . For all the fuels the NO x emission increases slightly as the temperature increases which is in agreement with [8] . This could be explained by the fact that the higher temperature increased the release of nitrogen from NH 3 groups and thus enhanced the formation of NO x [9] . Fig. 3 shows that the emission of NO x increases significantly with excess air. This was due to the fact that oxygen concentration is regarded as a significant factor to NO x formation [9] . The operating conditions play an important role on the NO x formation as it has been extensively reported in many studies NO x emission depend partly on stoichiometry [10] - [12] . Fig. 4 shows the CO concentration in the flue gas as related to different excess air ratios. When the excess air increases, the CO concentration decreases and this observation agrees with the results obtained by [13] , [14] . This is due to the oxygen concentration can restrain the CO formation [9] . 
Conclusion
An equilibrium model of dewatered sludge combustion was developed using ASPEN PLUS simulator. The results obtained for coal from this model is in agreement with published work. However the results for poultry sludge need to be validated. The model results showed that the poultry sludge has a great potential as energy source due to high energy content and low emission comparing to coal and sewage sludge. This model is capable to predict the combustion performance of dewatered sludge over a wide range of operating conditions. The influence of excess air and temperature on gas composition were investigated. From the analysis it was found that the NO x emission was higher at higher temperature and excess air, and CO was lower at higher excess air.
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